In normal subjects the glomerular filtration rate is relatively constant under standard conditions, and there is little or no change when the urine flow 'aries. It follows from this that the excretion rate of substances, which are filtered at the glomerulus and neither reabsorbed from nor secreted into the tubules, is constant. It is these substances which can be used to measure the filtration rate.
From the Department of Medicine, Manchester University (RECEIVED FOR PUBLICATION APRIL 12, 1954) In normal subjects the glomerular filtration rate is relatively constant under standard conditions, and there is little or no change when the urine flow 'aries. It follows from this that the excretion rate of substances, which are filtered at the glomerulus and neither reabsorbed from nor secreted into the tubules, is constant. It is these substances which can be used to measure the filtration rate.
There is considerable evidence that endogenous creatinine behaves in this way, and this is supported by the data presented in this paper, which show that its excretion is very constant in spite of considerable variations in urine flow, only decreasing slightly at low urine volumes. Methods Four normal subjects were investigated, one on two occasions, at intervals of a year. Oneto three-hour samples of urine were obtained from each subject on 28 to 48 days. Those from subjects 1 to 3 were morning specimens. Those from subject 4 were afternoon ones in experiment iv, and in experiment vi morning and afternoon ones, but the results considered separately were the same so are given combined. The minute volume of the samples was varied by dehydration or drinking.
Samples of blood were taken occasionally during each experiment.
Creatinine was estimated by the modified Jaffd reaction in urine and serum (Roscoe, 1953) .
Instead of calculating the creatinine excretion rate for each sample of urine, the urinary concentrations (U) are compared with the reciprocals of the urine volume (i). Then if the excretion rate is constant at all urine volumes or u.U = M, U = Mlu and the regression of U on 1 is a straight line passing through zero on both axes. The rate of excretion is given by the slope of the line, M, which can be found by the method of least squares. Table I . In each case at high urine volumes N is not significant and the excretion rate is independent of urine flow, but at low volumes N is significant and the rate falls as the flow decreases.
Since the difference between the relationships at high and low flows is not large it is not obvious at what flow the excretion starts to be influenced by urine volume. In the same experiments the excretion of Na, Cl, K, and urea has also been studied, and the results, which it is hoped to publish iater, show that a marked change in the excretion of each solute occurs when the creatinine concentration in the urine reaches a certain level. These creatinine levels, which vary in different experiments, have been taken as the dividing values and are shown in Table I could be made at a value of u, but since this is a less accurate measurement than U, especially when the urine volume is small, this is not advisable. Approximate values of u at which the change occurs are, however, given in Table I . These are means of the values calculated from the dividing values of U, and the regressions at high and low urine flows.
Creatinine Clearance.-Creatinine clearances depend on the plasma creatinine, and when in subject 3 this was estimated several times the mean values of samples obtained during dehydration were higher than those during hydration. This suggests that dehydration influences the creatinine level,3 either by haemoconcentration or perhaps more probably by reducing the excretion rate. There was no indication that the serum level rose progressively as the urine volume fell, so it is only possible to use mean values when these were found, and to consider that when a common value is used the clearances at high flows are perhaps too low and those at low flows too high. The clearances in each experiment, constant at high urine flows, but falling off as the flow becomes very small, are shown in Table I . The clearances in all experiments, except subject 4, experiment iv, are higher at the upper limit of the low flow range than at high flows, but this anomaly is probably due to the filtered creatinine value used at low flows being too small, while in subject 4 this was perhaps too large.
In Table II the creatinine clearances at high flows are shown corrected to a surface area of 1.73 sq.m. and compared with the mean inulin clearances given by Smith (1951) . The creatinine clearances are 20-27% lower than the expected inulin clearances. Discussion These results show that in normal subjects the excretion of creatinine remains very constant at urine flows above about 0.5 to 1.0 ml./min., the coefficient of variation being 5-9% in different subjects, but that at lower flows the excretion rate falls. Similarly the creatinine clearance is constant at high flows, but falls at lower ones. This is in agreement with the findings of Chesley (1938) , but in his subjects the fall did not take place till the urine volume fell below about 0.35 ml./min.
Qualitatively there is thus a good agreement between the clearance of creatinine and inulin, which is the most generally accepted measure of filtration rate. Many workers have found constant inulin clearances at higher flows, and Chasis and Smith (1938) found a slight decrease at low flows.
Quantitatively the agreement is not so good, the creatinine clearance being lower than the expected filtration rate measured by inulin clearance. This could be due to tubular reabsorption of creatinine, but only if a constant amount is reabsorbed whatever the urine flow. Although there is evidence that exogenous creatinine is secreted by the tubules, and it has been suggested that this may also occur with the endogenous form (Brod and Sirota, 1948 ), reabsorption has not been suggested, and the most probable cause of the discrepancy is that the creatinine clearances are lower than the inulin clearances because the values obtained for serum creatinine are too high. This was discussed in a previous paper (Roscoe, 1953) , where it was shown that if, as has been found, 20% of the estimated chromogen is not creatinine, the difference in the clearances would be accounted for.
If this is so, although the creatinine clearances do not accurately measure the filtration rate, they do provide accurate measurements of any changes in rate which may occur, and so are valuable tools in the investigation of kidney function, especially in long-term experiments where inulin clearances cannot be used.
Summary
In four normal subjects the excretion rates of endogenous creatinine were unaffected by changes in urine volume, except when this fell to low volumes. This suggests that creatinine is not handled by the kidney tubules and that changes in its rate of excretion can be used as a measure of changes in filtration rate.
The creatinine clearance was in each case lower than the expected filtration rate, but this is considered to be due to over-estimation of the plasma creatinine.
